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ABSTRACT
This embedded mixed method study used a randomised controlled
trial design to examine two cohorts of upper (grades 4–6)
elementary teachers’ classroom implementation of nature of
science (NOS) instruction following their participation in a
statewide professional development (PD). The treatment group (n
= 145) was compared to a control group (n = 90), which received
no PD. The PD included a summer institute that situated explicit
NOS instruction within the context of problem-based learning
(PBL). Data sources included videotaped classroom observations
across four time points and teacher-generated descriptions of
lessons preceding and following the observed lesson including
learning objectives. Data were analysed with descriptive and
inferential statistics and analysed qualitatively for trends in
participants’ explicit NOS instruction. Results indicated the
majority of treatment teachers (n = 97; 66.9%) accurately taught
explicit NOS during the academic year following the summer
institute compared to control teachers (n = 2; 2.2%). Participants
most often taught about the empirical (69%) and social (63%)
aspects of science. Participants’ strategies for integrating NOS
varied in temporal placement within the lesson, connectedness to
lesson activities, and extent of student-centeredness. These results
demonstrate that situated PD that contextualises explicit NOS
instruction within PBL facilitated teachers’ explicit NOS instruction
compared to teachers who did not receive such instruction.
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Science educators agree that understanding characteristics of scientific knowledge and
how scientific knowledge is developed are key components of scientific literacy (e.g.
Driver, Leach, Millar, & Scott, 1996; Lederman & Lederman, 2014; McComas, Clough,
& Almazroa, 1998; Osborne, Collins, Ratcliffe, Millar, & Duschl, 2003). Characteristics
of scientific knowledge, including the values and assumptions that accompany its develop-
ment, comprise the nature of science (NOS) construct. It is important that students at all
grade levels have opportunities to learn about these fundamental ideas in order to make
© 2018 Informa UK Limited, trading as Taylor & Francis Group
CONTACT Jennifer L. Maeng jlc7d@virginia.edu Curry School of Education, University of Virginia, Charlottesville,
VA, USA
INTERNATIONAL JOURNAL OF SCIENCE EDUCATION
https://doi.org/10.1080/09500693.2018.1528643
more informed choices and have a deeper understanding about a range of socio-scientific
issues (American Association for the Advancement of Science [AAAS], 1993; NGSS Lead
States, 2013). The present study investigated the efficacy of professional development (PD)
that contextualised NOS instruction within problem-based learning (PBL) in supporting
elementary teachers’ explicit NOS instruction through classroom observations and a ran-
domised controlled trial (RCT) design.
While consensus exists among the science education community on the importance of
teaching NOS (e.g. Driver et al., 1996; Lederman & Lederman, 2014; McComas et al., 1998;
Osborne et al., 2003), some disagreement exists around the concepts that comprise NOS
(Bell, Mulvey, & Maeng, 2016). However, science educators generally agree on several
NOS concepts that are appropriate for K-12 science instruction (Bell et al., 2016; Leder-
man, 2007; Lederman & Lederman, 2014; McComas et al., 1998; NGSS Lead States,
2013; Osborne et al., 2003). Agreed-upon concepts include: science addresses questions
about the natural world; scientific knowledge is empirically-based; science is revisionary;
scientific investigations use a variety of methods; creativity and imagination are impor-
tance to science; theories and laws are different types of scientific knowledge, but both
are supported by evidence and can change; science is subjective; and science is socially
and culturally embedded. These concepts provide a general framework for understanding
science as a way of knowing for K-12 students (Lederman & Lederman, 2014). It is there-
fore important that that teachers understand these concepts so that they can help their stu-
dents develop appropriate NOS understandings.
Elementary teachers’ NOS understandings
Decades of research suggest only a small number of teachers possess accurate NOS under-
standings without targeted NOS instruction either in preservice teacher preparation pro-
grammes or through PD (Lederman & Lederman, 2014). For example, investigations using
pre-test/post-test designs have repeatedly demonstrated that preservice and in-service
elementary teachers hold inaccurate or inadequate understandings of NOS concepts at
pre-test (e.g. Abd-El-Khalick & Akerson, 2009; Akerson & Hanuscin, 2007; Akerson,
Abd-El-Khalick, & Lederman, 2000). Despite this challenge, several studies suggest that
PD has the potential to support the development of teachers’ accurate NOS understand-
ings (e.g. Akerson & Hanuscin, 2007; Akerson, Cullen, & Hanson, 2009; Donnelly &
Argyle, 2011; Maeng, Bell, St. Clair, Whitworth, & Gonczi, 2016; Mulvey, Chiu, Ghosh,
& Bell, 2016).
The positive results of these studies suggest that a key feature in developing teachers’
accurate NOS understandings is explicit instruction supported with reflective discussions
(e.g. Akerson & Hanuscin, 2007; Lederman & Lederman, 2014; Maeng et al., 2016; Schar-
mann, Smith, James, & Jensen, 2005; Schwartz, Lederman, & Crawford, 2004). Explicit
reflective NOS instruction is characterised by intentionally focusing learners’ attention
on NOS concepts ‘through instruction, discussion, and questioning… in the context of
activities and investigations… ’ (Schwartz & Lederman, 2002, p. 207).
Indeed, results of a RCT reported that elementary teachers who participated in PD
that included explicit NOS instruction contextualised within a problem-based learning
(PBL) context, significantly improved their NOS understandings after controlling for
pre-PD NOS understandings compared to a control group who did not participate in
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the PD (Maeng et al., 2016). However, that study did not report whether or not the tea-
chers’ understandings were translated into explicit NOS instruction in their own class-
rooms. The present study utilised the same PD context as the Maeng et al. (2016)
investigation but extends the findings of that study to investigate teachers’ NOS
instruction.
Elementary teachers’ NOS instruction
Developing teachers’ accurate NOS understandings is not enough to ensure that they are
actually teaching these concepts to their students (Lederman & Lederman, 2014). Research
indicates that even when teachers demonstrate accurate understandings of NOS few go on
to address NOS concepts in their classroom instruction (e.g. Abd-El-Khalick, Bell, &
Lederman, 1998; Lederman, 1999). For example, Abd-El-Khalick et al. (1998) found
that while the 14 preservice science teachers in their study held an adequate understanding
of several NOS concepts (e.g. empirical basis, tentativeness, role of subjectivity and crea-
tivity) and perceived NOS to be important to teach students, only 3 actually planned to
implement explicit NOS instruction.
Given this challenge, recent investigations have sought to understand how best to
support teachers in implementing NOS in instruction after developing their accurate
NOS understandings. In a single case study, Akerson and Abd-El-Khalick (2003) reported
on the substantial modelling and personal support necessary for a 4th grade teacher with
informed NOS understandings and the intention to teach NOS to teach NOS to her stu-
dents. Similarly, Akerson and Hanuscin (2007) found that monthly professional develop-
ment and individual coaching was sufficient to promote three elementary teachers’ explicit
NOS instruction in a 3-year PD programme. Thus, several elements of PD (e.g. modelling
explicit, reflective NOS, coaching) have evidentiary support in facilitating teachers’ explicit
NOS instruction.
While research has established several contexts (e.g. history of science, socio-scientific
issues, scientific inquiry, content) that appear promising in developing teachers’ accurate
NOS understandings (e.g. Bell, Matkins, & Gansneder, 2011; Sadler, Burgin, McKinney,
& Ponjuan, 2010; Scharmann et al., 2005), less research investigates the contexts that
support teachers’ NOS instruction (e.g. Bell et al., 2016; Bell, Mulvey, & Maeng, 2012;
Herman, Clough, & Olson, 2013). Results of a study that investigated beginning second-
ary teachers’NOS instruction after completing a science teacher preparation programme
that incorporated NOS within a science content context in several courses indicated that
70% of the secondary teachers had high or medium NOS implementation scores
(Herman et al., 2013). Despite the intensive programme, these teachers were observed
having more difficulty integrating NOS instruction when they were teaching science
content rather than when teaching inquiry. Similarly, Bell et al. (2012) investigated out-
comes of a secondary teacher preparation programme that contextualised NOS instruc-
tion using a ‘process skills-based’ approach. They found that all of the teachers
integrated NOS into their science instruction and 70% of the teachers innovated to
teach NOS using the process skills-based approach. However, none of the teachers
taught about the social and cultural embeddedness of science. A qualitative case study
investigated four elementary special education teachers’ explicit NOS practices following
PD that contextualised NOS instruction along a continuum from less to more
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contextualised in science content and inquiry (Mulvey et al., 2016). Results indicated
that following the 2-week PD, all 4 teachers included several NOS concepts in their
instruction. Despite the varied sample demographics and methodological approaches,
the results of these studies illuminate several potential contexts that may support tea-
chers’ classroom NOS instruction.
Problem-based Learning as a Context for NOS Instruction. In light of the synergy
between the key NOS concepts and PBL, Moutinho, Torres, Fernandes, and Vasconcelos
(2015) proposed PBL as a potential context that may support teachers’ NOS instruction.
PBL is a student-centered approach that supports real-world application of science knowl-
edge to solve a problem (Chin & Chia, 2004; Crawford, 2014). In PBL, students work to
solve an authentic, meaningful problem with the potential for multiple solutions, collab-
orate with one another, and engage in investigations (Hmelo-Silver, 2004). Students are
presented with a scenario, take on the role of scientists that would be working on the
problem, and may be given a title such as ‘Junior Oceanographer,’ ‘Apprentice Rollercoas-
ter Engineer’ or ‘Consultant to the EPA’ that serves to introduce students to possible
STEM career paths they could pursue in the future. Students typically work in small
groups to conduct a number of investigations (i.e. engage in inquiry and employ scientific
practices) and synthesise their investigative findings to help them solve the problem.
Because PBL problems have multiple solutions, student groups often present (e.g.
verbal presentation, video, model) their solution and provide evidence from their investi-
gations to support their proposed solution.
Given this pedagogical structure, PBL has the potential to provide context for explicit
NOS instruction because it supports students working collaboratively and creatively to
solve a problem and engaging in investigations to learn science content. In their qualitative
study of 17 Portuguese preservice science teachers, Moutinho and colleagues (2015) used
interviews to probe the NOS concepts preservice teachers perceived ‘can be developed
through PBL’ (p. 1873). The results indicated PBL can help preservice teachers explain
the tentative, or revisionary, NOS, that the development of scientific knowledge is socially
and culturally embedded, and that creativity and imagination are important to the devel-
opment of scientific knowledge. Further, the preservice teachers thought explicitly embed-
ding NOS into a PBL unit may support students’ understanding of how their investigations
are similar to the work of practicing scientists and the complexity of the scientific endea-
vour (Moutinho et al., 2015). However, this study did not investigate implementing
PBL as a context for NOS instruction. The PD that served as the context of the present
investigation emphasised a subset of NOS concepts that are agreed upon by the science
education community and are well-aligned with PBL pedagogy (Figure 1).
Figure 1. NOS understandings aligned with PBL pedagogy and emphasised during PD.
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Characteristics of effective PD
PD is effective when it is designed to acknowledge teachers’ current understandings and
instruction, is context and content-specific, fosters collaboration, and provides teachers
with opportunities for practice, active participation, reflection, and feedback (e.g. Desi-
mone, 2009; Loucks-Horsley, Stiles, Mundry, Love, & Hewson, 2010; Supovitz &
Turner, 2000). In order to support changes in teachers’ understandings and practices,
PD should also be sustained and ongoing (e.g. Johnson, Kahle, & Fargo, 2007; Supovitz
& Turner, 2000). Expert and ongoing coaching may also facilitate teachers’ integration
of new teaching strategies (Loucks-Horsley et al., 2010). Situated learning theory suggests
that because a person’s understanding of a concept is constantly under construction,
knowledge must be learned in the context within which it will be used, and that inter-
actions among individuals support the development of knowledge (Orgill, 2007). Specifi-
cally, the PD that served as the context for the present investigation used a situated
learning approach to integrate these effective PD components to support elementary
science teachers’ inclusion of explicit NOS instruction in their classrooms. As described
in the methods section that follows, the PD was sustained and ongoing, elementary
science-specific, fostered collaboration, and provided opportunities for feedback, reflec-
tion, and practice.
Purpose
The efficacy of learning NOS has been studied in a variety of populations (e.g. elementary
and secondary students, preservice and in-service elementary and secondary teachers) and
contexts (e.g. science content, inquiry, historical cases). However, despite the synergy
between NOS concepts and PBL pedagogy, no research investigates how explicit NOS
instruction within the context of PBL may support the transfer of teachers’ NOS under-
standings into classroom instruction.
Of studies that explore in-service elementary teachers’ NOS understandings following
PD, few examine teachers’ classroom NOS practices following PD (e.g. Akerson, Hanson,
& Cullen, 2007; Morrison, Raab, & Ingram, 2008). Of the few that do, most rely on tea-
chers’ self-reports to assess NOS instruction (e.g. Donnelly & Argyle, 2011). Many of
these case studies also focus on specific lessons and how teachers implement NOS instruc-
tion as examples rather than exploring patterns in teachers’ NOS instruction. While much
can be learned from these case studies, we must also look more broadly at how teachers
incorporate NOS into their instruction to determine how to better support teachers’
NOS instruction. This includes investigating the NOS concepts teachers choose to incor-
porate/not incorporate and the frequency with which they incorporate these concepts.
The present study seeks to extend the work of these prior investigations by utilising a
randomised controlled trial (RCT) design to investigate the efficacy of PD informed by
situated learning theory and that contextualised explicit NOS instruction within PBL to
support teacher’s explicit NOS instruction. The present study also builds on a prior
RCT that demonstrated that participation in the PD resulted in significantly improved
NOS understandings for elementary teachers (Maeng et al., 2016). Specifically, in the
present study, we examined participants’ classroom implementation of NOS following
PD participation. The following research questions guided this investigation.
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(1) How did the frequency of PD participants’ explicit NOS instruction compare to tea-
chers in the control group?
(2) How did PD participants’ integrate explicit NOS instruction into their science instruc-
tion following the PD?
Methods
A RCT evaluated PD participants’ NOS instruction compared to a control group who did
not participate in the PD. An embedded mixed methods design (Creswell & Plano Clark,
2011) in which quantitative data analysis (e.g. frequency of NOS instruction) occurred
simultaneously with qualitative data analysis (e.g. NOS concepts) was used to understand
the frequency with which and how elementary teachers incorporated NOS into science
instruction.
Participants
Teachers voluntarily signed up to participate in the PD with the knowledge they would
be randomly assigned to either the treatment or control condition. Voluntary (rather
than required participation) in the PD ensured teachers in both the treatment and
control conditions had comparable motivations to participate (Kennedy, 2016).
Random assignment occurred at the school level; all teachers from the same school
were assigned the same condition to prevent treatment diffusion. To ensure even teachers
randomised into the control condition had the opportunity to experience the PD, they
were invited to attend the PD the following year. Participants randomised into the
treatment group comprised two cohorts totalling 145 elementary teachers of whom
90.3% (n = 131) had degrees in education and whose science teaching experience
ranged from 0 to 31 years (M = 7.2 years, SD = 6.7). Participants randomised into the
control group were 90 elementary teachers of whom 91.1% (n = 82) reported degrees in
education and had science teaching experience ranging from 0 to 25 years (M = 6.5,
SD = 5.9). Demographic data (Table 1) were self-report and pseudonyms are used
throughout to protect participant identity.
Treatment participants were from 60 different elementary schools that varied in the
percent of English Language Learners (M = 8.9%, SD = 12.5), percent of students eligible
for free and reduced priced lunch (M = 45.7%, SD = 27.8), and the percent of White stu-
dents (M = 46.1%, SD = 27.4). Control teachers were from 39 different elementary schools
that varied in the percent of English Language Learners (M = 9.7%, SD = 14.8), percent of
students eligible for free and reduced priced lunch (M = 44.1%, SD = 20.0), and the percent
of White students (M = 61.2%, SD = 27.5).
Table 1. Participant demographic data.
Condition Gender Race/Ethnicity Deg. Sci.
Female Male White Black Hispanic/Latinx Asian Mixed Yes
Treatment
(n = 145)
128
(88.2%)
13
(9.0%)
110
(75.9%)
25
(17.2%)
2
(1.4%)
2
(1.4%)
2
(1.4%)
18
(12.4%)
Control
(n = 90)
74
(82.2%)
16
(11.0%)
75
(83.3%)
9
(10%)
1
(1.1%)
1
(1.1%)
0
(0%)
8
(8.9%)
Note: Not all teachers reported demographic information.
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Intervention
Treatment participants attended a PD programme that included a 4-week summer insti-
tute (152 contact hours) with sustained follow-up and coaching throughout the academic
year at one of four universities in a mid-Atlantic state. Combining participants across sites
and cohorts was warranted as programme evaluation documented that the summer insti-
tute was planned and implemented consistently and with fidelity across sites and cohorts
(Bell, Konold, Maeng, & Heinecke, 2014). Teams of university science educators, scien-
tists, engineers, and science and mathematics specialists co-planned and facilitated the
summer institute.
During the first week of the summer institute the PD supported participants’ under-
standings and enactment of NOS instruction within the context of PBL, as well as other
reforms-based instructional approaches and topics (e.g. technology integration, engineer-
ing design, inquiry instruction, literacy integration, math integration). On the first two
days of the PD, participants acted as students in several lessons embedded within an
abbreviated model PBL unit. To begin, teachers were asked to solve an overarching
problem and were provide with a scenario and given a role aligned with the authentic
roles of scientists or engineers working on similar problems, such as Junior Environmental
Engineer, Science Museum Consultant, and JuniorWildlife Advisory Committee Member.
Then, they brainstormed the questions they would need to answer to address the overarch-
ing PBL question. Teachers then engaged in several lessons that modelled how PBL could
be used as a context for scientific inquiry, explicit NOS instruction, and engineering
design). Participants debriefed the experience by discussing the components of the
lessons and overarching structure that supported their learning as a student. They were
then introduced to key components of PBL (e.g. overarching problem question, scenario,
student role, culminating activity, question map) and used the modelled PBL unit from the
first two days as a common experience from which to discuss these components of PBL.
Finally, they learned a formal definition of PBL: ‘Students solving a meaningful problem
with multiple solutions over time, as a scientist would in a real world context. The problem
and context must be meaningful to students.’
During week 1, participants engaged in several activities that focused on the NOS con-
cepts in Figure 1. These included a NOS card sort that contained accurate and inaccurate
statements about NOS and was designed to elicit participants’ initial ideas and potential
alternative conceptions about NOS. This activity served as a pre-assessment for PD facil-
itators and was revisited several times throughout the PD as a formative assessment of
changes in participants’ understandings.
Participants also took part in several modelled lessons that embedded explicit and
reflective NOS instruction within a PBL unit. For example, facilitators modelled how to
integrate aspects of NOS into a lesson embedded within a PBL unit on marine systems.
The overarching problem question for the unit was ‘Where and how can a self-sustaining
research facility be built with the least impact on the environment that can support scien-
tists as they conduct research on marine systems?’ In one activity, participants were pro-
vided an unknown sample (a crinoid stem fossil fragment) from the ocean floor. They
made observations of their sample and inferred, based on their observations and prior
knowledge, what the sample was. Next, they used a variety of tools (e.g. hand lens) to
further explore and observe the sample and refine their inferences about the object.
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Participants then discussed the implications of finding such an artifact for their work at
that particular ocean site. Finally, facilitators debriefed the activity through questions
that elicited the NOS concepts embedded within the lesson from participants. Specifically,
these included that scientific knowledge is based on empirical evidence, scientific knowl-
edge can change with new evidence or reinterpretation of existing evidence, and scientists
use many methods to develop knowledge.
Following this initial instruction and with facilitator support, participants then co-
planned a PBL unit that integrated NOS concepts and other reform-based instructional
strategies. They taught this unit during a two-week summer camp (weeks two and three
of the PD) for high-needs 4th–6th grade students. Each day after teaching, the participants
debriefed the lessons and activities. They discussed whether NOS was effectively taught,
with particular attention to explicit instruction and how they might more effectively
engage students in reflective discussions about NOS.
The fourth week of the PD participants worked with other teachers from their school
as well as their classroom coach and facilitators to plan a PBL unit that integrated NOS
concepts to be implemented in their own classrooms during the academic year. Thus,
NOS was integrated in substantive ways throughout the four weeks of the summer
institute.
During the academic year, participants participated in 14 hours of follow-up PD. This
follow up included attending the state science teacher professional development institute,
reflecting and receiving feedback on classroom PBL unit implementation, and revisiting
and elaborating upon topics from the summer including NOS, simulations to support
inquiry, and formative assessment strategies. In addition, coaches, who were experienced
teachers, worked with participants an additional 22 hours across the academic year to co-
plan, co-teach, observe, promote reflection, and provide feedback on teachers’ science
instruction. The coaching predominately took place when the teachers were implementing
the PBL unit they designed during the summer, which varied by teacher depending on
their curriculum, PBL unit topic, and pacing guide. See Mannarino, Logerwell, Reid,
and Edmondson (2012) for a complete description of the PD.
Data collection and analysis
Videotaped classroom observations were conducted four times at regular intervals
throughout the academic year, within the same three-week interval for all treatment
and control teachers. Observation forms documented lesson objectives, descriptions of
the three lessons occurred prior to the observed lesson and the three lessons that followed
the videotaped lesson. Observers visited each teacher’s classroom once during each obser-
vation period to videotape their science instruction and collected contextual information
on observation forms regarding the observed lesson per a validated observation protocol
(Bell, Konold, Maeng, & Heinecke, 2014).
We used several strategies to mitigate the potential that teachers would adjust their
instruction to what they perceived observers would find important. First, teachers did
not know when observations would occur until just prior to the observation windows.
Second, we reviewed observation forms to ensure the progression between lessons that
occurred prior to and following the observed lessons flowed coherently. Finally, the fact
that the PD addressed several topics and pedagogies including PBL, inquiry instruction,
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NOS, engineering design, and technology integration, mitigated the potential threat that
participants might view these observations as solely assessments of their NOS instruction
and alter their instruction accordingly.
These classroom observation data (i.e. observation forms and videos) were coded for
the presence (1) or absence (0) of explicit NOS instruction. Explicit NOS instruction
was operationally defined as instruction that models, discusses, and distinguishes
between the ‘how’ and ‘why’ of doing science (Gess-Newsome, 2002) and that addressed
one or more of the NOS concepts in Figure 1. For those observation periods in which
explicit NOS instruction was noted, the specific NOS concepts taught were also coded
(e.g. empirical, understandable). In instances where no explicit NOS instruction was
identified on the observation form or videotaped observation, the participant’s NOS
instruction for that observation period was coded as 0. All of the observation data
initially coded as containing explicit NOS were then coded by a second rater for explicit
NOS instruction and specific NOS concepts. Instances in which the second rater dis-
agreed with the explicit NOS code for the observation period were recoded as 0. Inter-
rater agreement for this initial analysis was 89%. Instances in which the second rater
disagreed with the specific NOS concepts taught were resolved through discussion
until consensus was reached. This process allowed us to systematically determine
both the frequency of NOS instruction and the specific NOS concepts taught by
participants.
Chi-square tests for independence with Yates Continuity Correction evaluated whether
the frequency of explicit NOS instruction differed between treatment and control partici-
pants. The two variables were group (treatment or control) and incorporation of explicit
NOS (yes or no). The Phi coefficient (rw), which ranges from 0 to 1, was used as a measure
of effect size with the two by two contingency tables.
Finally, to characterise how teachers integrated explicit NOS instruction into their
lessons, the videotaped classroom observations that included explicit NOS instruction
were analysed qualitatively. In this inductive approach, memos were written for each
lesson in which NOS instruction was observed (as per Miles & Huberman, 1994). Next,
common themes in teachers’ explicit NOS instruction were developed from the memos
and informed by the literature (e.g. Clough, 2006; Schwartz & Lederman, 2002). These
themes were reviewed and agreed upon by the entire research team. Themes included:
the extent to which the NOS concepts were explicitly connected with lesson activities/
content (not connected/connected), the extent NOS reflection was teacher-driven or
student-centered, the temporal placement of explicit NOS instruction during the lesson
(e.g. introduction, body, closure), and the potential for a lesson to reinforce alternative
conceptions about NOS. Connected explicit NOS instruction was characterised by a
strong association with the science content and activities addressed in the lesson
whereas not connected explicit NOS instruction was characterised by a lack of connection
to the science content or activities during the lesson. Student-driven NOS instruction was
characterised by opportunities for student reflection or for students to make their own
associations between the science content/activities and the NOS concepts addressed,
while teacher-driven explicit NOS instruction was characterised by the teacher explicitly
identifying the NOS concepts addressed in the lesson without the opportunity for students
to reflect or make associations. These themes and observation data to support them are
elaborated in the results section below.
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Results
The present study utilised a RCT design to investigate the efficacy of PD informed by situ-
ated learning theory and that contextualised NOS instruction within PBL. Specifically, we
examined the frequency of explicit NOS instruction following PD as compared to a control
group and the characteristics of participants’ explicit NOS instruction.
Frequency of integration
Analysis of classroom observations and observation forms indicated two thirds of partici-
pants explicitly taught NOS during one or more of the observation windows following the
PD (66.9%). Of the participants who explicitly taught NOS, 55% taught NOS in at least
two observation windows and 9% explicitly taught NOS in all four observation
windows. In contrast, only 2 (2.2%) of the control participants were observed explicitly
teaching NOS concepts at any point during the year. This represents a statistically signifi-
cant difference between treatment and control participants’NOS integration, χ2 (1) = 92.6,
p < .001, = rw = .637. The large effect size (rw > .5) combined with a statistically significant
association, represents a practically and statistically meaningful effect (Fan, 2001).
Looking more closely at the subset of teachers in the treatment group who actually
taught NOS, the role evidence plays in the development of scientific knowledge and the
idea that science is a social endeavour were the most frequently observed explicit NOS
concepts taught (71% and 65% respectively; Table 2). Approximately 40% of teachers
explicitly highlighted the natural world is understandable and that creativity and imagin-
ation are important to science. About a quarter (27.8%) of teachers addressed the notion
that scientists use multiple methods to develop knowledge. However, few teachers dis-
cussed the idea that scientific knowledge is both tentative and durable (13%).
Of the two control participants who explicitly taught NOS, one addressed the idea that
science is understandable. The other introduced students to the idea that scientific knowl-
edge is subject to change with new evidence in a lesson that used a historical approach to
teach how scientists’ perspective on the solar system changed from geocentric to
heliocentric.
Strategies for explicit NOS instruction
The data revealed a several strategies participants utilised to incorporate explicit NOS
instruction into their science instruction. These strategies included the extent to which
the targeted NOS concepts were explicitly connected with lesson activities (not connected
Table 2. Concepts explicitly taught by treatment participants (n = 97).
NOS Understandings Explicitly Taught Number of Teachers
Scientific knowledge is empirically-based. 69 (71.1%)
Science is socially and culturally-embedded. 63 (64.9%)
Science addresses questions about the natural/material world. 42 (43.3%)
Creativity and imagination are important to science. 39 (40.2%)
Scientists use a variety of methods. 27 (27.8%)
Science is revisionary. 13 (13.4%)
Note: Percentages will not add up to 100 because a participant could teach more than one
NOS concept across the year.
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versus connected) and whether NOS reflection was teacher-driven or student-centered.
There was also some variation in the temporal placement of NOS instruction within
the lesson (i.e. introduction, body, closure). Below, we describe and exemplify the combi-
nation of strategies observed to support explicit NOS instruction.
Not connected, teacher-driven. This type of explicit NOS instruction was character-
ised by a general review of all the NOS concepts taught in the PD either to introduce
or close a lesson. In these lessons, the teacher verbally told students one or more NOS con-
cepts without eliciting student feedback. This NOS instruction was not strongly associated
with the science content and did not promote student reflection.
Connected, teacher-driven. In connected, teacher-driven NOS instruction, the teacher
explicitly identified NOS concepts within the context of describing science phenomena but
did not promote reflection by students about the targeted concepts. Rather, in these
lessons, teachers were observed telling students at the beginning or end of the lesson
how they would be acting like scientists or how they acted like scientists. For example,
in an activity in which students in a 5th grade class worked to answer the question,
‘How do scientists test the characteristics of matter?’ students explored the concept of
density by predicting then observing whether a variety of objects sink or float. After the
activity, Lisa directed students to move into a circle on the floor.
Example 1
The students spent about 10 minutes discussing what they knew and did not know before the
activity, what observations surprised them, what predictions were not supported by their
data, and how the ideas would be important for recreational sports. In addition, some stu-
dents asked questions about what they still did not understand and other students responded.
Lisa concluded the discussion and lesson with the statement, “one of the principles of science
is that the natural world is understandable and you have been answering a lot of your own
questions through the experiment you did. I like how you as scientists were social and shared
ideas.” (Lisa, Observation 1).
In this example, Lisa identified the targeted NOS concepts for students and how they con-
nected with the activities, rather than having the students reflect upon how they acted like
a scientist. This represented explicit NOS instruction, but did not provide students an
opportunity to reflect on the NOS concepts themselves or identify how they connected
to the lesson.
Connected, student-centered. Lessons characterised by connected, student-centered
instruction involved teachers asking students to tell them how the activity related to
NOS concepts during lesson closures. This represented a connected and student-centered
approach to explicit NOS instruction. In these lessons, the brief discussions often began
with teachers asking students the question, ‘How did you act like a scientist today?’ as
exemplified in the following example in Tory’s 5th grade class. Tory’s stated objectives
for the observed lesson were that students would understand the parts of a plant
through plant dissection and the difference between vascular and non-vascular plants.
Example 2
Tory began the lesson prompting students to think back to a previous discussion about how
living things are organized into kingdoms. Autumn shared that, “At first it was just two
groups: plants and animals. Then, some of them didn’t fit in so they made the 5 kingdoms.”
Tory asked, “What does that say about science as a whole?” and Robert responded that,
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“Science is always changing.” Tory followed this up with the question, “Does it just change
because willy-nilly?” Kiera replied, “No, because they based it off of new evidence.” Tory
affirmed this response, “Absolutely.”
Tory then told students they would be exploring the plant kingdom today. They shared what
they know about plants then reviewed the major plant parts and dissected a flower. The
lesson continued with a whole class discussion in which students made observations about
what they noticed about the flower stem and identified the differences in photos of two
plants. They repeated this with a number of side-by-side photos. Tory labeled these
different plants as “vascular” and “non-vascular” and summarized the differences that the
students observed. The students looked at more photos and identified them as vascular or
non-vascular and based their observations.
At the end of the class, Tory closed the lesson by asking students to, “Stop and think about
how you’ve been a scientist today. Be specific.” Liam responded, “We were using observations
when we dissected things. We used tools when we dissected.” Tory followed up with the ques-
tion, “What was the purpose of us making those observations?” Walker said, “So we can see
all of the parts of a flower instead of looking at a picture.” Tory summarized, “We made
observations so we could provide evidence for ourselves so that we could understand
things better. How else?” Tyree responded, “When we were talking about vascular and
non-vascular plants we used observations and made inferences about what kinds of plants
they were.” Tory said, “Isn’t that what a scientist would do?” Several students responded,
“Yes!” Tory asked, “Were we communicating with each other?” and Kiera said, “We
shared observations and we made different observations.” Tory said, “Absolutely, you have
to socialize and talk to confirm information.” James noted, “If scientists make an observation,
not an observation but really an assumption and everyone could think they’re right, they
could have a total different story.” Tory followed up with, “Which is why scientists have
to back up their information with evidence.” (Tory, Observation 3)
Other teachers employed discourse circles to support connected, student-centered NOS
instruction at the end of a lesson. In these lessons, NOS ideas developed organically during
student discussion. For example, in a 4th grade class after an activity in which students
investigated electrical circuits with the goal of making a buzzer work, students first
wrote what they learned from the investigation in their science notebooks. Then Abbie,
their teacher, asked students to move into a discourse circle to discuss the activity and
what they learned.
Example 3
In the discourse circle, Abbie said, “I would like in our discussion for us to include the voca-
bulary you used and also about the nature of science. Remember our rules that we let others
talk if we’ve already spoken. Trice, go ahead and start us off.” Trice summarized her findings
and what her group needed to do to get the bulb to light up. Amanda clarified that the bulb
did not light up all of the way. Abbie responded, “You think the amount of conductive clay
changes the amount of light in the light bulb. We could experiment with that.” Other stu-
dents contributed their ideas. Nolan shifted the discussion to NOS saying, “we were like
scientists because we worked together to try different things and we tried all of our ideas
even if we thought it wasn’t going to work.” Abbie responded, “That is awesome. I like to
hear that.” (Abbie, Observation 3)
Like Tory and Abbie, teachers observed using connected, student-centered NOS instruc-
tion used questioning or discourse circles to promote student discussion of the NOS con-
cepts within the lesson and to help students connect specific parts of activities to NOS
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concepts. Using discourse to explicitly debrief NOS was one strategy for incorporating
NOS that was modelled during the PD that many teachers directly transferred in their
own instruction.
In addition to connected, student-centered NOS instruction that occurred during the
closure of lessons, some connected, student-centered NOS lessons were characterised by
teachers’ integrating NOS concepts into the body of a lesson. In these connected and
student-centered lessons, teachers asked students to consider how the activities they
were doing paralleled the work of scientists. In these instances, teachers embedded discus-
sions of how they were being social or the use of observation and inference into body of a
lesson immediately following when students made observations and inferences during the
activity.
For example, as a part of their PBL unit, students in Cate’s 4th grade class were tasked
with creating a budget-friendly plan for increasing vegetation in their school courtyard.
Prior to the observed lesson, students had discussed photosynthesis, phototropism, and
began developing their plan by creating a preliminary map of the courtyard.
Example 4
Cate began by having students brainstorm what information they needed to find out. Stu-
dents responded that they needed to learn about, “types of plans I might need,” “what
climate”, “whether they should be in sun, shade, near water.” Cate asked students if they
knew what kind of conditions they would be in. Students responded that they have been
making observations of where shade and sun are in the courtyard at different times of the
day and the weather. Cate then pointed out that her class and the other class had both
been taking data at different times during the day so the class actually has more data “as a
group together than by yourselves.” She asked the class to get out their science logs so
they could share their data with each other. Cate then asked the students, “You guys are
going to get together and share some of your data. What [nature of science] idea does that
refer to?” Wes responded, “Science is a social activity.” Cate said, “So sharing your data
together is demonstrating that. What else?” Patience responded, “Ideas.” Cate acknowledged
this, “You guys are going to come up with some scientific ideas in your plan.” Luis responded,
“Logic and imagination.” Cate then asked a student to explain how they’re using logic and
imagination and Jack said, “Using our imagination to come up with our plan for the court-
yard.” Cate followed up with, “What does logic mean?” Laura responded, “It has to be real, it
can’t be made up.” After this brief discussion, Cate asked the students to continue with their
plan. (Cate, Observation 1)
Examples two through four represented the most connected and student-centered of the
explicit NOS instruction observed because students made the connections between the
work of scientists and the activities they engaged in.
Missed opportunities. While many participants effectively integrated NOS concepts
into their classroom science instruction, some lessons also potentially reinforced alterna-
tive conceptions about science and how scientists do their work. For example, in closure
discussions about the ‘social’ nature of science, teachers indicated to students that they
were ‘being social like a scientist’ because they were working in small groups; however,
they did not push their students to extend this idea to the concept of how scientists
share data or ideas or why collaboration is important to the development of scientific
knowledge. In other cases, teachers used terms like ‘proof’ and ‘unbiased’ when talking
about the NOS concepts that scientific knowledge requires evidence. Generalising these
two ideas may have inadvertently reinforced the alternative conception that scientific
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knowledge is absolute rather than revisionary. While these instances were not in majority,
these missed opportunities may reflect a lack of understanding of these concepts, retention
of absolutist perceptions of NOS, or an understanding how to transfer what they learned
during the PD into their classroom instruction.
Discussion and conclusion
The results of the RCT reported here suggest that the PD, which was informed by situated
learning theory and embedded NOS instruction within a PBL context, facilitated teachers’
explicit NOS instruction. Significantly more treatment than control teachers integrated
NOS concepts explicitly into instruction. More than half of these explicit NOS lessons
were designed to teach the NOS concepts that scientific knowledge is empirically-based
and that science is socially and culturally embedded. Variation in the extent to which
explicit NOS instruction was connected with lesson activities/content, whether NOS
reflection was teacher-driven or student-centered, and the temporal placement of teachers’
incorporation of NOS concepts within a lesson existed. These results make several impor-
tant contributions to the literature.
The few existing studies that explore teachers’ NOS practices following PD used small
samples of teachers (e.g. Akerson et al., 2009; Akerson & Hanuscin, 2007; Bell et al., 2012;
Herman et al., 2013; Mulvey et al., 2016) or relied on self-report regarding classroom prac-
tices implementation of explicit NOS instruction (e.g. Donnelly & Argyle, 2011; Morrison
et al., 2008). While such small-scale qualitative studies are useful for in-depth exploration
of a phenomena, they do not allow for generalisation beyond the sample under investi-
gation (Creswell, 2009). To our knowledge, no studies utilise classroom observations of
a large sample of elementary teachers (N = 145) across a broad geographic region or an
RCT with a mixed-methods design to ascertain explicit NOS instruction frequency, the
NOS concepts incorporated, or how NOS concepts were implemented into classroom
instruction. This research design allowed us to make statistical inferences about the
degree to which elementary teachers’ NOS instruction changed as a result of participation
in the PD (i.e. the effect size) that previous small-scale studies have been unable to make.
Frequency of NOS instruction
Among our sample of 145 treatment teachers, 67% were observed explicitly incorporated
NOS concepts into their instruction at some point during the academic year following the
summer institute compared to 2% of control teachers. Further, approximately half of the
teachers that included explicit NOS instruction did so multiple times during the year.
These classroom implementation results are encouraging given that prior to the PD,
less than 2% of participants expressed aligned understandings of NOS and only one par-
ticipant understood NOS needed to be taught explicitly (Maeng et al., 2016). These results
support those of previous small-scale studies that also report explicit NOS implementation
rates of approximately 70% for beginning secondary teachers following secondary teacher
preparation programmes that featured intensive, sustained NOS instruction during the
programme (e.g. Bell et al., 2012; Herman et al., 2013).
The results of the present study extend the findings of these prior studies in several
important ways. First, we found similar NOS implementation rates for in-service
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elementary teachers’ with mean teaching experience of 7 years. Research suggests that
changing in-service teachers’ practices, especially around explicit NOS instruction can
be difficult (e.g. Johnson, 2006; Lederman & Lederman, 2014), thus, this uptake in NOS
implementation among elementary teachers is encouraging. Second, unlike the secondary
science teachers in the Bell et al. (2012) and Herman et al. (2013) studies, all of whom were
likely science majors (Herman et al., 2013 did not report this), only 12% of the teachers in
the present study were science majors. That 70% of teachers without substantial science
content expertise were motivated to teach NOS concepts and were able to do so in primar-
ily accurate ways following the 4-week summer institute, is remarkable, especially given
that the PD the teachers attended consisted of substantially less contact time than a
science teacher preparation programme.
NOS concepts taught
The elementary teachers in the present study most frequently included in their instruction
the NOS concepts that science is empirically-based, socially and culturally-embedded, that
science addresses questions about the natural world, and that creativity and imagination
are important in science. Previous studies have shown teachers often incorporate the con-
cepts that science is empirical, creative, and revisionary, or tentative (Akerson et al., 2009;
Akerson & Hanuscin, 2007; Bell et al., 2016). Further, teachers have been observed trans-
lating NOS concepts into ‘kid-friendly language’ when integrating them into instruction
(Hanuscin, Lee, & Akerson, 2010). Teachers in our study similarly used ‘kid friendly’
language to teach these NOS concepts.
Teachers in the present investigation frequently addressed the concept that science is a
social endeavour and that science answers questions about the natural/material world, an
aspect of NOS that teachers frequently overlook, even after PD. As exemplified by the dis-
cussions in Tory and Cate’s classrooms, students discussed how they utilised each other’s
ideas, shared, data, and collaborated in groups to solve problems. It is possible the PBL
framework, which heavily relies on data-sharing and collaboration, and within which tea-
chers learned NOS, contributed to the inclusion of these NOS concepts to a greater extent
than documented in previous investigations.
PBL supports students’ working collaboratively to use science knowledge gained
through investigations to creatively solve problems. Even so, it has not previously been uti-
lised as an overarching context for teaching NOS concepts to teachers or students,
although Moutinho et al. (2015) proposed it as a potential context for NOS instruction,
based on the perceptions of preservice teachers as revealed by interviews. Consistent
with these perceptions, we found that, following PD using a PBL context for NOS instruc-
tion, the observed lessons incorporated these NOS concepts, though with varying fre-
quency. Overall, the positive outcomes of the present study support the efficacy of
incorporating explicit NOS instruction within a PBL context as proposed by Moutinho
et al. (2015).
Characteristics of NOS instruction
Several potential contexts for NOS instruction have been proposed in the literature.
Though no empirical evidence exists to support a science content contextualised approach
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(e.g. science content, history of science, socio-scientific issues) as more effective than a
non-contextualised approach (e.g. inquiry; see Bell et al., 2011; Khishfe & Lederman,
2006), the NGSS emphasises a context of science content (NGSS Lead States, 2013).
Clough (2006) argues for NOS instruction that uses both contextualised and non-contex-
tualised instruction. Teachers in the present study were observed implementing connected
explicit NOS lessons that used both contextualised and non-contextualised instruction to
teach NOS concepts to their students.
Other studies have noted positive gains in student understanding of the role of evidence
in the development of scientific knowledge and the social NOS through an explicit reflec-
tive approach (e.g. Akerson, Abd-El-Khalick & Lederman, 2000; Khishfe & Lederman,
2006). While we did not assess student outcomes related to NOS in the present study,
we observed teachers promoting student-centered reflection of NOS concepts during
and after activities. In particular, connected, student-centered NOS instruction in the
present study was often characterised by the use of discourse circles to promote students’
science talk. Research suggests that students’ discourse about the nature of science has the
potential to improve student learning and help them connect concepts (Roth, 2014).
Taken together with the results of the present study, these findings suggest the NOS con-
cepts that scientific knowledge is empirical and the role of creativity in science may be
most facile for elementary teachers to implement using explicit-reflective approaches
and for elementary students to understand.
PD to support NOS
Our research extends the work of Mulvey et al. (2016) who employed a situated learning
approach to PD to support NOS understanding and instruction for special education
elementary teachers to the general education elementary teacher population. Mulvey
et al. (2016) observed similar outcomes to the present study in terms of the NOS concepts
teachers implemented in their classroom instruction. The PD that served as the context of
this investigation was unique in that it was tailored to the elementary science context,
allowed for multiple opportunities for practice, feedback and reflection, and provided
ongoing support within participants’ classrooms and utilised PBL as the context for teach-
ing NOS concepts. While teachers in the PD were introduced to all of the NOS concepts
outlined in Figure 1, it appears that those NOS concepts that were revisited on multiple
occasions during the PD were more often included in teachers’ classroom instruction.
Taken together, these findings provide further support for the efficacy of a situated
approach to inform the design of PD to support elementary teachers’ NOS instruction.
Limitations and future research
We are unable to tease out whether it was the PD as a whole or specific components of the
PD that resulted in the changes in teacher practices. In addition, we do not know how the
other components of the PD (e.g. ED instruction, inquiry instruction, technology inte-
gration) interacted with the NOS components of the PD to support teachers’NOS instruc-
tion. Future research should include interviews to disaggregate teacher perceptions of the
components of the PD they perceive to be most influential in supporting their NOS
instruction. In light of the positive results for elementary teachers found in the present
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RCT, the efficacy of PD aligned with situated learning theory that contextualises NOS
instruction within PBL should be examined for in-service secondary teachers and pre-
service elementary and secondary teachers as well. Three categories emerged from our
analysis of NOS instruction (connected/not connected, student-driven/teacher-driven,
and temporal placement). These categories can inform future work that seeks to
analyze NOS instruction. For example, the authors of the present investigation plan to
conduct a second round of data analysis to calculate frequencies and further delineate
the instructional strategies associated with each category for the 97 lessons that included
NOS. Future research should also investigate student understandings of NOS when PBL is
used as a context for explicit NOS instruction.
Despite the limitations of the present study, the positive changes in our elementary tea-
chers’ NOS frequency of explicit NOS instruction compared to teachers who did not par-
ticipate in the PD are heartening. The results of the present investigation indicate situated
PD contextualising NOS instruction within PBL is an effective approach for improving
elementary teachers’ explicit NOS instruction. Ultimately the results of the present
study should be of interest to those developing PD that supports in-service elementary tea-
chers’ explicit classroom inclusion of NOS concepts.
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